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(57)Abstract: 

PURPOSE: To prepare a compound semiconductor thin 
film whose composition changes in plane. 
CONSTITUTION: In this method, when a compond 
semiconductor thin film 8 is formed on the surface of a 
semiconductor substrate 6 by the MOCVD method, a 
compound semiconductor thin film whose composition in 
plane (A1 to A2) changes is produced by changing the 
in-plane temperature of the semiconductor substrate 6. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation, 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The manufacture approach of the compound semiconductor thin film characterized by making 
the compound semiconductor thin film from which a presentation changes in a field by changing 
whenever [ field internal temperature / of said semi-conductor substrate ] form in case a compound 
semiconductor thin film is formed by metal-organic chemical vapor deposition on the front face of a 
semi-conductor substrate. 

[Claim 2] The manufacture approach of the compound semiconductor thin film of claim 1 to which it is 
arranged on a heating element, lay said semi-conductor substrate in the spacer from which thickness is 
changing in a field in the state of adhesion, said heating element is made to generate heat, and whenever 
[ field internal temperature / of said semi-conductor substrate ] is changed. 

[Claim 3] The manufacture approach of the compound semiconductor thin film of claim 1 to which the 
opening where spacing mutual in a field changes is formed between said semi-conductor substrates and 
said spacers or between said spacers and said heating elements, and whenever [ field internal 
temperature / of said semi-conductor substrate ] is changed in case said heating element is made to 
generate heat where a heating element, a spacer, and a semi-conductor substrate are piled up in this 
sequence. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the manufacture approach of a compound 
semiconductor thin film that the presentation in the field in the formed thin film is changing in more 
detail, about the manufacture approach of the compound semiconductor thin film by metal-organic 
chemical vapor deposition (henceforth the MOCVD method), 
[0002] 

[Description of the Prior Art] At the time of manufacture of a light receiving and emitting element, a 
semi-conductor optical waveguide device, various kinds of electron devices, etc., the laminating of the 
compound semiconductor thin film of two or more layers is carried out in general on a semi-conductor 
substrate. For example, in the case of a semi-conductor optical waveguide device, sequential membrane 
formation of the thin film of a compound semiconductor like InGaAsP is carried out as a lower cladding 
layer, a core layer, and an up cladding layer on a semi-conductor substrate like InP. and ~ membrane 
formation of these compound semiconductor thin film ~ MOCVD - law is adopted widely. 
[0003] A semi-conductor substrate is held in a well-closed container, where that skin temperature is 
controlled to predetermined temperature, material gas is fed in a container, the reaction between raw 
materials is advanced, and the substrate front face is made to carry out epitaxial growth of the compound 
semiconductor thin film of the purpose presentation by desired thickness in this MOCVD method. By 
the way, in a semi-conductor optical waveguide device, the propagating mode of light may be 
transformed within waveguide. In this case, the measures of changing gradually the presentation of the 
compound semiconductor which constitutes a core layer in the propagation direction of light are taken. 
[0004] As an approach of making it changing within a film surface, the presentation of the compound 
semiconductor which forms membranes for example, the front face of a semi-conductor substrate - 
Si02 Law is performed, growth prevention film like the film - the shape of SUTORAIBU two or 
more - forming - MOCVD - at this time By changing the width of face of this growth prevention film, 
there is a method of controlling the presentation of the compound semiconductor which grows up to be 
the field in which the grov^h prevention film is not formed (see Journal of Crystal Growth, 107 (1991), 
and 147-150). 

[0005] And it is Si02 on a substrate by using this approach. The device whose wavelength shift in 
waveguide is 50nm is proposed by forming the film so that it may change in the range that width of face 
of whose is 2-5 micrometers, and forming in a residual substrate fi-ont face the waveguide which uses 
InGaAs/InGaAsPMQW as a core (the collection of the 1991 Institute of Electronics, Information and 
Communication Engineers autumn convention drafts, C- 1 3 1 ). 

[0006] With the above-mentioned reference, such a phenomenon is Si02. Since the diffusing capacity of 
the raw material atom in a membranous double width part and a membranous (growth prevention film) 
narrow- width part is different, the explanation based on the presentation of the compound 
semiconductor thin film which grows up to be a membrane formation part (part on substrates other than 
Si02 film) changing that it is a thing is made. 
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[0007] 

[Problem(s) to be Solved by the Invention] Theoretically, presentation change of the compound 
semiconductor thin film by the above-mentioned approach uses the difference phenomenon of the 
diffusing capacity between the raw material atoms in the neighborhood of the growth prevention film. 
Therefore, it is impossible to control the presentation of the compound semiconductor thin fihn which 
moreover continues and forms membranes to a large field in the field of a semi-conductor substrate by 
this approach as a matter of fact. 

[0008] Moreover, since the width of face of the growth prevention film formed between the waveguides 
which these-approach must be designed from the beginning to narrow-width when it is going to change 
the presentation of the waveguide which approached mutually by the above-mentioned approach, it is 
impossible to change the width of face of the growth prevention film by the longitudinal direction as a 
matter of fact. This invention solves the above-mentioned problem at the time of changing the 
presentation of the compound semiconductor thin film which forms membranes by the MOCVD 
method, and aims at offer of the manufacture approach of the compound semiconductor thin film to 
which can be covered broadly and the presentation of the compound semiconductor thin film which the 
front face of a semi-conductor substrate is made to form can be changed on a substrate Iront face. 
[0009] 

[Means for Solving the Problem] by the way ~ if other conditions are the same - MOCVD - in law, the 
fact that the presentation of the compound semiconductor thin film which grows on a semi-conductor 
substrate is prescribed by the growth temperature at that time is known, this invention persons 
conducted the check experiment of the above-mentioned fact. namelv^Jh e thin film layer w hich consists 
of InGaAsP on an InP substrate first - MOCVD - when making it grow up by law, the growth 
temperature (Tg) of a thin film was changed by making other factors, such as feed, into status idem, and 
controlling substrate temperature. And the luminescence wavelength from waveguide was measured per 
[ which was obtained ] device, and the relation of the luminescence wavelength and growth temperature 
was plotted. Drawing 1 shows the result. 

[0010] If about 15 degrees C of growth temperature change so that clearly from drawing 1 , 30-40nm of 
luminescence wavelength in the obtained device will be shifted. This shows indirectly that the 
presentation of the InGaAsP thin film which constitutes the core layer of a device is changing with 
grovfth temperature. MOCVD which heats a semi-conductor substrate bv the induction-heating method 
on the other hand - in law, th e quartz spacer was in fi xed between the susceptor (ind uction heating 
elem ent) and the semi-conductor substrate, and the experiment which manufactures the device which 
uses an InGaAsP thin film as a core was conducted. As a q uartz spacer^ sjngjhat^j^d iosejhickness i^ 
^ ^2^6niin ^d ' ^ ■ Om xn^ hen the susceptor, the quartz spacer, and the semi-conductor sul^strate of each 
other were stuck, and when it carried out adhesion installation of the 2.6mm quartz spacer again at a 
susceptor and a 0.4mm opening was placed between that quartz spacer and semi-conductor substrate, at 
this time, it experimented per. The luminescence wavelength was measured about the device which was 
obtained in each case. Between the infixation condition of a quartz spacer, and luminescence 
wavelength, the result as shovm in Table 1 was obtained. 
[0011] 

[Table 1] , 
^ ^ - /(TO 
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When the case 1 was compared with the case 2, the thickness of a quartz spacer becomes thick 0.4mm 
and the temperature of a semi-conductor substrate falls so that clearly, luminescence wavelength has 
shifted about 20nm. This amount of wavelength shifts is the result of the temperature of a semi- 
conductor substrate being equivalent to falling by about 10 degrees C with the increase of thickness of a 
quartz spacer, when the result of drawing 1 is referred to. 

[0012] Moreover, if a case 1 is compared with a case 3, and an opening is prepared between a quartz 
spacer and a semi-conductor substrate so that clearly, luminescence wavelength is shifted further and the 
shift amount has become about 70nm, Furthermore, this invention persons conducted the following 
experiments, in order to grasp the effect spacing of this opening affects luminescence wavelength, when 
an opening is formed between a quartz spacer and a semi-conductor substrate. 
[0013] That is, first, as drawing 2 shows, on the front face of the quartz spacer 1 with a thickness of 
3.0mm, the depth forms the spot facing section 2 whose width of face is 15mm by 0.4mm, and sticks 
and lays this quartz spacer in a susceptor 3. And thickness arranges end 4a of the InP substrate 4 which 
are 0.4mm and width of face of 15mm in the condition of having shifted about 1mm from end 2a of the 
above-mentioned spot Facing section 2. Therefore, a substrate 4 is arranged in the state of an inclination 
in the spot facing section 2, and the opening 5 where spacing spreads linearly toward other end 4b of a 
substrate 4 is formed between the quartz spacer 1 and a substrate 4. 

[0014] The susceptor 3 was made to generate heat by induction heating in this condition, and the thin 
film layer which consists of InGaAsP on a substrate 4 was formed. The luminescence wavelength in 
each location on the substrate from end 4a of a substrate 4 to other end 4b was measured about the 
obtained device. Consequently, relation like drawing 3 was found out between the distance on the 
substrate from end 4a of a substrate, and luminescence wavelength. 

[0015] In the waveguide on a substrate, luminescence wavelength shifts to the abbreviation straight-line 
target at the tidal-wave length side as spacing of an opening 5 becomes large so that clearly from 
drawin g 3 . This shows that the growth temperature on a substrate also changes to an abbreviation 
straight-line target, and the presentafion of InGaAsP which grows also changes in response to the effect. 
By considering the three above-mentioned experimental results and controlling the temperature on the 
front face of a substrate appropriately in that field, this invention person gets an idea that the 
presentation of the compound semiconductor thin film formed corresponding to that temperature can be 
changed in the field of that thin film, and came to develop this invention approach based on this idea. 
[0016] namely, the manufacture approach of the compound semiconductor thin film of this invention - 
the front face of a semi-conductor substrate - MOCVD - in case a compound semiconductor thin film 
is formed by law, it is characterized by making the compound semiconductor thin film from which a 
presentation changes in a field form by changing whenever [ field internal temperature / of said semi- 
conductor substrate ]. In this invention, an induction-heating method, a resistance heating method, etc. 
are adopted as a heating means of a semi-conductor substrate, for example. 
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[0017] Since substrate temperature will also change if the thickness of the quartz spacer infixed between 
a substrate and an induction heating element changes so that clearly [ the above mentioned experiment ] 
when heating a substrate by the induction-heating method, if a substrate is laid here for example, using 
the quartz spacer with which thickness differs, the growth temperature in a substrate front face is 
controllable to the temperature corresponding to the configuration of the inclined plane of a quartz 
spacer. 

[001 8] Moreover, if a substrate is laid in a quartz spacer as this spot facing section is closed, since it 
forms in the front face of a quartz spacer the spot facing section which has an inclined plane, and the 
opening equivalent to the spot facing section which has an inclined plane will be formed between a 
substrate and a quartz spacer, corresponding to spacing of that opening, the temperature on the front face 
of a substrate comes to change. When heating a substrate by the resistance heating method, the 
temperature distribution corresponding to the arrangement can be realized on a substrate front face by 
arranging the resistor to be used suitable for the perimeter of a substrate. 

[001 9] Moreover, a quartz spacer can be used as a smooth board, can form an inclined plane like the 
above-mentioned quartz spacer in the quartz spacer of a heating element, and the front face by the side 
of contact, and can also control whenever [ field internal temperature / of a semi-conductor substrate ] 
by preparing an opening between a heating element and a quartz spacer. 
[0020] 

[Function] According to this invention approach, it is controlled by the front face of the semi-conductor 

substrate with which the compound semiconductor thin film grows so that growth temperature changes 

with locations within the field. The presentation of the compound semiconductor thin film which ** and 

grows although carried out is prescribed by the above-mentioned growth temperature, and the 

presentation within the field changes in the thin film after growth. 

[0021] 

[Example] 

Law was applied at dawn from one example, and mode transformation waveguide was manufactured by 
the following approaches. Here, the outline cross-section structure of the mode transformation 
waveguide made into the purpose is shown in drawing 4 . That is, the laminating of the lower cladding 
layer 7 from which the mode transformation waveguide made into the manufacture purpose consists of 
InGaAsP on the given thickness Mino InP substrate 6, and luminescence wavelength is set to 1 .27 
micrometers by thickness by 5 micrometers, the core layer 8 whose thickness it similarly consists of 
InGaAsP and is 1 micrometer, and the up cladding layer 9 where it similarly consists of InGaAsP and 
luminescence wavelength becomes [ thickness ] 1.27 micrometers by 5 micrometers is carried out one 
by one. 

[0022] And at this waveguide, they are a location Al and a location A2. It aims at changing the 
luminescence wavelength in a core layer 8 in the field with a die length of 10mm divided. First, the 
lower cladding layer 7 is formed on the InP substrate 6 as usual. In addition, when a membrane 
formation ingredient is set to InGaAsP, the refractive index (n) of InGaAsP to luminescence wavelength 
(lambdag) which should be grown up is shov^m by the degree type. 
[0023] 
[Equation 1] 

- , ^ Ed Ed ^„ Ed -E' , /2 Eo^-Eg2-E='\ 

n ' = 1 • E ^ • £ n ( 1 

Eo Eo» EoMEo^-EgO V Eg'' • E'' / 

[0024] (Ed=28.91-9.278y+5.2626y2, Eo=3.391-1.652y+0.863y2-0.123y3, E=hc/lambda, and 
Eg=1.24/lainbdag and Eg=1.35-0.72y+0.12y2 are expressed among a formula.) h : since it aims at 
setting luminescence wavelength (lambdag) to 1 .27 micrometers in the example showing the constant 
for realizing a Planck's constant, C:velocity of light, wavelength of lambda: incident light, and lattice 
matching of y:InP An InGaAsP thin film with a thickness of 5 micrometers is grown up on the InP 
substrate 6, and let this be the lower cladding layer 7 so that n computed based on an upper type may be 
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set to 3.375. 

[0025] the quartz spacer 1 0 top which showed the InP substrate to drawing 5 after membrane formation 
of the lower cladding layer 7 -- laying -- MOCVD -- law was presented. The whole thickness is 3.0mm 
and adhesion installation of the quartz spacer 10 is carried out at the carbon susceptor 1 1 . And ramp of 
15mm of level length who results in this flat spot facing section 10a 10b is formed in that front face 
from flat spot facing section 10a and a front face with a depth [ of 0.35mm ], and a width of face of 
10mm. 

[0026] That is, if a substrate 6 is laid in this quartz spacer 10, since opening spacing will change 
continuously between ramp 10b like the case of the explanation about drawing 2 , when carrying out 
induction generation of heat of the carbon susceptor 1 1, the temperature on the front face of a substrate, 
i.e., the skin temperature of the lower cladding layer 7, changes to an abbreviation straight-line target. In 
this condition, on the lower cladding layer 7, the InGaAsP thin film with a thickness of 1 .0 micrometers 
was grown up, and the core layer 8 was formed. 

[0027] Subsequently, after performing etching processing to the core layer with phot lithography and 
forming the waveguide of a request pattern, the up cladding layer 9 was formed on the same membrane 
formation conditions as said lower cladding layer 7, and pad waveguide was manufactured, the place 
which measured the luminescence wavelength of the core layer in this pad waveguide -- location Al of 
drawing 4 **** -- 1.29 micrometers and location A2 **** -- it was 1.33 micrometers. Moreover, the 
electric-field distribution map in this waveguide was shown in drawing 6 . 

[0028] According to the formula which described the shift of this luminescence wavelength above, from 
the above result, the refractive index of waveguide shows that it is changing to 3.385->3.405. namely, 
the formed waveguide -- setting - location Al from -- location A2 It is shown that applied and 
presentation change is realized, this - location Al from - location A2 applying -- the temperature of the 
InP substrate 6, i.e., the skin temperature of the lower cladding layer 7, - abbreviation - it is the result 
of changing linearly bringing. 

[0029] As example 2 drawing ^ shows, the lower cladding layer 7 is formed like an example 1 on the 
field (001) of the InP substrate 6, and it is Si02 on it ftirther. The Si02 after forming the film 12 as 
growth prevention film The film 12 was removed so that a part of the width of face might become 
narrow gradually at a longitudinal direction, and the slot 13 was formed. 

[0030] The core layer which consists of InGaAsP by the same approach as an example 1 was formed on 
the lower cladding layer exposed from the slot 13 of this substrate. Since the field (1 1 1) of an InGaAsP 
crystal remains without growing up, in the double-width part of a slot 13, the thin core 14 grows thickly 
in a narrow- width part ( drawing 8 ). Si02 After carrying out etching removal of the film 12, this core 
14 was embedded by the up cladding layer. 

[003 1] in the case of this waveguide, the difference (difference of a presentation) of a refractive index 
exists between the double width part of a core, and a narrow- width part like the case of an example 1, 
but the locked-in effect of light is the same in the overall-length direction of a core 14 by the difference 
in the configuration of a core 14 ~ becoming - consequently, light ~ closing - eye ** ~ an outline - it 
will be comparable and the spot size of light will change. 

As example 3 drawing 9 showed, the core layer of fixed thickness was formed like the example 1, 
etching processing of multiple times (drawing 4 times) was performed to the part (part of a location Al 
to the location A2) where the presentation of the core layer 8 is changing, thickness of a core layer 8 was 
gradually made thin, and the up cladding layer was formed like the example 1 on it ( drawing 9 ). 
[0032] the obtained waveguide - the waveguide of an example 2 - the same ~ light ~ closing ~ eye ** 
~ an outline ~ it will be comparable and the spot size of light will change. 

example 4 drawing 1 0 shows other examples of the quartz spacer used by this invention approach - it is 
a sectional view a part. 

J[0032]yVs for this^ cjuartz spacer 10 , a semi-conductorsubst rate is laid forj op-face 1 Qc here in respect of 
smooth. And infenor-surface-of-'tongu e 10b is the spHencal sur face for^arnpleTwhose *** * radius is 
300ma ijmihis quartz spacer 10 is laid in a susceptor 11 . a dome-like opening wil l be formed" between a 
susceptor 1 1 and the quartz spacer 1 0. For example, when a semi-conductor substrate is lai'it in the 
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quartz spacer 10 in this co ndition and induction generation of heat of the susceptor 1 1 is carried out, the 
skin te mperature of a su bstrate shows the distriBurmrrcorrgsponding to the configuration of a dome-Hke 
opening the presentation of the compound semiconductor thin film whiclTgrowslipTo^ — * 

sUBstrate also changes corresponding to the temperature. 

[0034] By the way, the presentation of the compound semiconductor which grows coiTcsponding to the 
flow of the material gas at the time of the MOCVD method is distributed. For example, if the substrate 
and the susceptor have stuck in the case of a substrate with a radius of about 250mm, in the raw material 
and equipment, as for presentation distribution of the formed thin film, luminescence wavelength 
distribution will appear as about 0.03 micrometers. However, if the quartz spacer of an example 4 is 
used, the above-mentioned luminescence wavelength distribution is improvable to about 0.01 
micrometers or less. That is, according to this invention approach, when the presentation within a field 
varies, what lessens effect of the dispersion can be performed. 
[0035] 

[Effect of the Invention] controlling distribution by the above explanation whenever [ field internal 
temperature / of a substrate ] clearly according to this invention approach - there - MOCVD the 
presentation of the compound semiconductor grown up by law is changeable into arbitration. Therefore, 
in the various devices using the function of a compound semiconductor thin film, the presentation of the 
thin film which forms membranes can be changed regardless of the structure of a device, and a device 
function can be demonstrated effectively. 



[Translation done,] 
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^■r> I nPa^cO±{Cl nGaAsP*>^>Jj&^?f)l« 

(Tg) i^it^^tz. iLX. '#^>ii/i 
40 "f'U :Kiz-:>%mTmi)-^t,m3m.^im^L. ^<rm 

itA^b^^m.t<r)mmru -y h itz. m i {4-eco 

[ 0 0 1 0 ] El 1 *>^>0J^>*>'5: J: 3 B!c;ftia«*<*«? 1 

3 0~4 0 nmv7 h iO^iti. -f^NM 
«03rJiSr«fi!tL-CV^|, I nGaAsPjf^COffi^^i, 
mi^mz J: -5 T35HtLT fc V ^ 3 t S- IBI^Wlc^ 

50 ^fi|JS««oratc:5^;?.^--9-&:n^tT. I nOaA 
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-t, Z<r)t^^ 5^;^'^— !ft LT. W;^*^'2. 611111, 3. 

^?:5VUC^»L?t;tS-^t, 4?^. 2. emntfOSi^j^'^- 



[00 11] 





<om^ (dud) 








2. 6 


1. 2 5 9 






3. 0 


1. 2 8 0 




^r-X3 


2. 6 


1. 34 2 





9-o«;^^*io. 4 iiiid5< ^ ^x¥^mi^mm<Dmifii& 20 

TL/i^Wi, %3t&;a*^'*^2 0nm>'7^LTV^ 
[00 12] ttz. \ by-X3^miX^Mh 

i-flt, ^m.Mii.Wizy'y.hlx-^crn^yhmim 
[00 1 3] -r^i^-t,. 4-r. ii2T'iK-rj;3(c, w;^- 

3. Qm(0^m:^'^—>r 1 <7)^ffit;, ai$ *^"0. 4 mnitli*^' 
1 5niiiicOJS<'0SB2$rjefS;L, CCDS^X^— 
7°^3(I^LT«g-tl.. -fLT, Jf;^*<0.4mm, 
1 5iniiiOI nP»«4(0-!!S4a$r. ±ieJS<'0gK2c7) 

S«4«i, J^<'0g|52|^(cilf[»T-iEB$a. 5 
^;^'<.— 9-1 i:ii^4t0ra(C{S»«4Oft!lig4 bt|fn*^ 

[ 0 0 1 4 ] C (^t'cffit'^^jDgiltc J: 0 -^-t TrJ' 3 
[0 0 1 5] ll3*»/i,BB^,*^^J;3(C. ^m5cr>rM^ 



milnGaAsPffmmt^^lX^KZt^Tfkt 

TV^|>. *%0Mli, ±ieL^>:3o<7)^i^ss&#^ 

«ig^t#. zcr,mmizm-:}\>^x^^mmt:m%-thiz 

[0016] t'5r^p*> . ^m<^it^m^mm<^m 
mmii. ^mi^mi^mmi^zMocvDrnxit^'}^^ 
mmm^m-tmiz. m%i^mmm<Dmm&i 

[0017] wmnmrnx-mi^ismcr^m'^. mi 

Uzm^X'mi^i}^^j:Xdl,z. mutim^Bi^couz 

[ 0 0 1 8 ] *7t. ^m^—^mmizmmiMt 

mK-'o^mfS.i. zcnmi-'o^mm-tixoizt 
x^s^^x^-mzmimmti t . mwi.t^n^'<- 
^miziimmi^tm< *) mzm-rimMm 
^^tiicox'. ^<D^mcr)mmizM^ixmmmm<r>^Si 
&mit-fixdiztj:i. fmMmmx'mmMm- 
^^-^ui , fflv ^mmmm.mmmmzm:ti 

Zbizin. ^<^Rm.izMfBtt:m^^i:mRmiz 

[ 0 0 1 9 ] ^/c. ?5^x^-^ii^mmi¥t I. % 
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[0020] 
[002 1] 

imtm\ 
mm\ 1 



= 1 + 



Ed Ed 



Ed 



G a A s P (^fiic 0 - W-^-/}^5um X'9h^^-S:tin . 2 7 
ju m l,Z^j:lT^9 7 V Fl 7 , [5] C < I n G a A s P A» 
hl&'O, umCOZirnS. ^t< I nCaAs 

p^'hm. nrnX'^imMn. 2 mt^ 
[002 2] iixzcomm^xu. iiSAi , m./^ 
mm^&^^^it^^ihzbimtix\^h . t 

■f. t^^tW\tXoiZlX. I nP««6tfO±(cT^^ 
7-yHi|7S:^-tl>. fi!<;^t45r I nGaAs 

Pizuzbtf. m^^^(xs) izmif&^^'th^ 

# I n G a A s Pc^SJlf^ ( n ) {i. 'dsS^X'^n^ilh, 
[0023] 

[ia:i] 

. /2 Eo'-Eg'-'-E'- 



Eo Eo' 



Eo' (Eo'-EgO 



Eg'* • E' 



[0024] (^tf", Ed=28.9 1-9. 2 78y+5. 

2626y2 , E 0=3. 39 1 -1.6 5 2y+0.86 3 
y2 -0.123y3 , E = hc/A, Eg=1.24/A 
g. Eg=1.35-0.72y+0. 1 2y2 Sr«L, t 
fz. h : y'yy^^m. C : ^M. A : A*f7t(^«^^, 
y : I nPcr)m-m^'S:mi^^-tlfzi^<7)^^^mt) 
mmmTiimM^ ( A g ) ?rl. 2 7 mizthZ b i 
mbtlcOT. ±5C{ca^V^T»lil§itl.n*«3.3 7 
St^xhXolZ. I nPS^6O±{CJf;z*5/zm(0I n 
GaAsPfi^S:f£:g$iJ:. Cl^l^rTSB:??-/ h'J17i: 
1-1.. 

[0 025] TgP^5'yHS7tfOlSllf^, I n P«;^$: 
HSiC^L/c^^;^'^— ri 0<7)±{Ci5KLTMOCV 

mmt', ;^^-;f;>1^^:r^ 1 1 tC?53tS6ilSiXTV^|.. 
LT. gS$0. 3 5 mm, ital OramcO^ilffi 

<''9Sgl Oat, «®*»^>icr)Tifljffi<'0SI51 OatCM 

[0026] i-^j:hib. m2izmt mmcoi^^b n t 
Xoiz. Z 1 0 izm. 6 srits-ri. t , 
fa^ai 1 0 hb(7)m^mmsimt/^miz$^itthcr) 
x\ ^-r^y^-tr^i i^mmm^^fzb^. m. 

itiawtc^-iti-ri. . z<7):mx\ tsb^ ? -y h« 7 <o± 

tHETH. 0jum<7) I nGaA s P?|^^^:^$-frarfl 
[ 0 0 2 7 ] OV^T', a7Jit*M)yj/77-f-tx 



2O55^04«fiaAi Ttll.29//m. GBAi T'Jil. 3 3/^ 
6liZ^tfz. 

[00281 a±.<7)^&mi}^(> , z<r>mM^<r>>-y h 

3.4 0 5tC^'fbLTV^|>C:t^intT^^I>, ^^4^*5, 

j^fiSi^nfc^wicfcv^Tii, iigAi A>^,{asA2 
fiBAi *>4.{aiA2 (:wr, I npmn 

6<?)iaS. l-^r^-ii.. TISK^'^^y 7 co^KSiK*% 
30 i«8W(c:^Mk tTV^I, d !t ^> Lfzt^mX'h^, 
[0 029] ||St^J2 

ll7T-S^-rJ;3t, I nPa^6c7) (00 1 ) ®cO±tC 
Ute^jl i:ISimcLTTg|5^77-y HJi7$r»Jj&L. mz 
^<7)±izS i 02 fflll 2S:Jig«|56ihlSi: LTJ^J^L^cO 
■h. ^COS iOi mi 2i^l7mz^cr)-'3co^f3im 

mi<^j:ixom^Lxmi 3i:m&uz. 
[0030] zcrmim 1 s^^i^mtatiT^i' y -x 

VJ9cO±l,zmiim 1 1 PI«<7):^rST- 1 n G a A s P*>/i 
^l>3T«$r?g^L/i, I nGaAs PISb^bW ( 1 1 

40 1 ) mim^wzm^t^(^x\ mi scoiKmcomm 

(08) . si02 mi 2iJi'y^ym^ifz^-h. 

[00311 ^<o^i»«03i^, siift^iJ 1 (r>^b mm 
, 3 T(oi£.^m b mfi^m b comx-mvimcom ( m 

^<^) ifi^^LX\^hif. 3T14co?gticO^M(cJ: 
•y H-t-f X*«^^bLT V^l, ^ 1 1 ^rl, . 

50 mm3 
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El 9 T^.u^ J; 9 1 , mtm itmtxo^z ix-^co 
mfmm< l , -e^^it^si^j 1 1 ib] t j; ^ t±si5 

H«S-J^B)cL;l: (09) . 

[0032] ni^ixfzmmii. mmmicommtm 
mmm4 lo 

[0033] Z<7)^MX^-'f 1 OJi. ±M 1 0 c 

jffflT' i ; «*>tK S ^til, fir, TBI 

obii, mnmm^m^3oomcommiz^j:'>x\'^ 

t, ■9--lrT^ 1 1 t^^x^--fl OcoFHlWiF-A^»: 

1 otc^fiiss^^srsgBLf'f-br^ 1 1 iim^m 

imfi^(r>m&h^<o-&mizn& ix^itt^ , 

[00 341 bzbx\ Mocvummiiziimmn^ 

^r^ti}<miix\>^ht. sm^titimmcomi^^^ 
a. ^<^mnbmmzti\,^xii. ^mi^i^mo. 0 
3MmtLxmtix<i. i*-i^^i^<(>, mmm 4 0)^5 
^sx'^-- ^-srfflv^i, t , ±tmm.mmm 0 1 u 

mlikTiZtX'iSimthZbti'X'^h. ■t^j:hib. 30 
[0035] 

atci^xjf, miR(7)mf^-&&ji-ifi^mm-t^'iti>z^ 

^SrffiStC^t !> C: t *«T# S . Lfc*« -5 'fk^^?!!^^ 

im 1 ] ^tii^^mmmtrimimbm^mt m 



nm'f-e-i 24901 

8 

[02] MOCVD^fetCtJV^T. it^«(*a«t53^X'< 
— 1 1 co^fcSBKS-m LT«tl.i5ll$:S^1-rrffl0t' 
( EI 3 ] H 2 coumxm uz^t^^^^mmm<^^^ 
^^^tsm^mbcommTfi-fi/yyx'hh. 
im4] im=f:-¥^mmmi:^tmmmmx'h 

[05 ] S^X'^i-HfiC^zg^M^tiiSLTMOC V 

m(>]m5(n-^w:t:%hfifzmm><nnM'rf^mx'h 

[mTiiSi.m±mim\'^x^m[}5mimm-htt 

(r)fSLm±mmi^stm-mx'h 1. . 

xhh. 

m9}:i^%^^m<r>iTmx'm&ifzmkmm-t^m 

mxhh. 

1 5^X'<.— 9- 

2 ffi<'oa5 

2 a J^<-')gl52(7)-5® 

3 -t-trr^ (l^mfif*) 
4 

4 a #^f*a«4co-ffi 

4 b ^mwmL4a)m 

5 SP:^ 

6 4^^f*^ 

7 Tg?^7-yHl 

8 rJT^ 

9 ±gP^'7yK)i 

1 0 531x^—9- 

1 0 a ^iBj^COSB 

10b fSffgP 

10c ^jt^r±ffi 

1 0 d flffl 

1 1 -r-tr^ 

12 s i 02 1 {^m±m) 

13 31 

14 figftL^trJT 
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